We have studied the interactions between two heavy mesons (D ( * ) -D ( * ) ,D ( * ) -D ( * ) , B ( * ) -B ( * ) , orB ( * ) -B ( * ) ) within heavy meson chiral effective field theory and investigated possible molecular states. The effective potentials are obtained with Weinberg's scheme up to one-loop level. At the leading order, four body contact interactions and one pion exchange contributions are considered. In addition to two pion exchange diagrams, we include the one-loop chiral corrections to contact terms and one pion exchange diagrams at the next-toleading order. The effective potentials both in momentum space and coordinate space are investigated and discussed extensively. The possible molecular states are also studied and the binding energies are provided by solving the Schrodinger equation. The results will be helpful for the experimental search for the doubly-heavy molecular states.
Introduction
Hadron structures have still not been clearly disclosed since the first hadron, proton, was discovered in the beginning of last century. Although the quark model can deal with most hadron phenomenology, more and more exotic behaviors have been noticed in hadron physics in experiment. The structures are closely related to the hadron interactions at low energies, and the relevant studies would also help us to understand the non-pertubative properties of QCD.
The low-lying baryons, N (1440), N (1535), and Λ(1405), cannot be interpreted well even only for their masses within conventional quark model. After considering the hadron interactions between πN ,KN , and so on, we can obtain the reasonable mass poles for them within Hamiltonian effective field theory, and moreover, both the scattering data at experiment and the lattice QCD simulations can studied well with such a scheme [1] [2] [3] [4] . In the heavy flavor sector, the low-mass puzzle for Λ c (2940) can be resolved with the interaction of D * N included 5 . The exotic hadrons totally without the bare core of conventional quark model are more sensitive to the hadron interactions. Recently discovered Z b and P c states are probably such molecular states [6] [7] [8] . B ( * ) andB ( * ) are attracted by each other and can form hidden-bottom bound states, probably Z b (10610) and Z b (10650). In this proceeding, we focus on doubly-heavy molecules.
In this proceeding, we systematically investigate the interaction between two heavy mesons,
, within chiral effective theory. After deriving the effective potentials for the two interacting heavy mesons in Sec. 2, we solve the Schrödinger equation to study the doubly-heavy molecular states in Sec. 3. Since doubly-charmed baryon Ξ ++ cc has been observed at LHCb 9 , we believe such doubly-heavy molecules could be detected in experiment soon.
Interactions between two heavy mesons
Chiral effective field theory can systematically deal with the low-energy processes order by order. The results are expanded in power series of small momenta, small masses or residual masses, and so on, rather than the strong coupling α s . At first we need to construct the Lagrangians up to the next-to-leading order. The details can be found in Refs.
10-12 . Here we only list the Lagrangians at leading order.
Here H andH are related to the B ( * ) field, Γ and u contain the pseudoscalar mesons. The first Lagrangian in Eq. (1) 13 . At leading order, there are contact and one-pion-exchange diagrams in which the vertice are from the Lagrangians at leading order. At next to leading order, there are four types of diagrams. The first is from two-pion-exchange diagrams shown in Fig. 1 . The second and third are loop corrections to the contact terms and the one-pion-exchange terms. The fourth is from the tree diagrams with vertice in the Lagrangians at the next-to-leading order, which can absorb the ultraviolet divergences from the loop diagrams. We calculate these diagrams using dimensional regularization and modified minimal subtraction scheme. Before providing the numerical potentials, there are still some unknown low-energy constants which cannot be determined with chiral effective field theory itself. We try to estimate them via combining the resonance saturation method, SU(4) approximation, nonanalytic approximation, fitting the lattice QCD results, and so on. Now we can obtain the effective potentials in momentum space. We show the potentials for theB * B * with I(J P ) = 0(1 + ) in the left diagram of Fig. 3 as an example. From the figure, one notices that the corrections at the next-to-leading order cannot be neglected.
Doubly-heavy molecular states
With the effective potentials obtained within chiral effective field theory, we can investigate the doubly-heavy molecular states made ofB 
